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WIi\fD-TUiT:!EL TESTS OF THE N.A.C.A. 45-125 AIRJOIL 



A THICK AIRFOIL FOR HIGH-SPEED AIRPLANES 
By J.araes B. Delano • 



SUMMARY 



Investigations of the pressure d i s t r i"but i on , the 
profile drag, and t-he location of transition for a 30- 
inch-chord 25-percent--thick II.A.C.A. 45-125 airfoil v/ere 
made in the iT.A.C.A.. 8-foot high-speed wind tunnel for 
the purpose of aiding in the development of a. thick wing 
for high-speed airplanes. The tests v/ere made at a lift 
coefficient of 0.1 for Re-aiolds Numbers from 1 ,750., 000 to 
8,600,000, corresponding to speeds from 80 to 440 miles 
per hour at 59^ F. The effect on the profile drag of 
fixing the t r ans i t i on ,po in t was also invest iga^ted . 

.The effect of c onpre s s i"b il i ty on the rate of increase 
of pressure coefficients was found to "be greater than 
that predicted "by a simplified theoretical expression for 
thin wings. The results indicated that, for a lift coef- 
ficient of 0.1, the critical speed of the LT.A.C.A. 45-125 
airfoil was ahout 460 miles per hour at 59^. F.- 

The value of the profile-drag coefficient at a 
Reynolds ITumher of 4,500,000 was 0*0058, or ahout half as 
large as the value for the IT.A.C.A. 0025 airfoil. The 
increase in the profile-drag coefficient for a given 
movement of the transition point v/as about three times as 
large as the corresponding increase for the iT.A.C.A. 0012 
a.irfoil. Transition determinations indicated that, for 
Reynolds LTumbers up to 7,000,000, laminar boundary layers 
were maintained over approximately 40 percent of the up- 
per and the lower surfaces of the airfoil.. 

IHTRODuCTIOiJ 



The minimum s t at ic . pr e s sur e on an a.irfoil has been 
used as a.n index of the critical speed of that airfoil, a 
high minimum pressure indicating a low critical speed. 
(See reference 1.) Most conventional airfoils have high 
peaks of minimum pressure that extend over only a small 
part of the chord. It should be possible to produce air- 
foils having high critical speeds by changing the high 
pressure peaks to a flat p)^sssure distribution with the 
minimum pressures extending over a larger portion of the 
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Thick v;ings are desircilDlG for raan^ applications, such 
as engine-in-^v;ing installations, fuel storage, and recesnos 
for landing gear or other equipment. Thick v/ings of con- 
vontional design, hov/ever, have lov/ critical speeds and are 
inefficient for use at high speeds. A 25-percent-thick 
airfoil was designed having a pressilre distribution intend- 
ed to give a high critico.l speed for a v/ing of this thick- 
ness. 

This airfoil v/o.s tested to deteriTiinc its critical 
speed onid to ohtcain do.ta to caid in the design of other 
thick v/ings v/ith high critical sijceds.^ Tho tests were 
made in the 8-foot high-speed v/ind tunnel at a lift coef- 
ficient of 0.1 and at speeds ranging from 80 to 440 miles 
per hour*. The range of tho test Reynolds. Fumher v/as 
1,750,000 to 8,600,000, based on the 30-inch chord. Com- 
plete pressure-dis trihut ion and drag determino.tions v/ere 
made to ohtr/.in section coefficients. The location of the 
transition poiiit was determined along "both surfaces of the 
airfoil throughoiit the speed' range. The method of the 
surface pi tot v/as used as several positions a, long the chord 
to determine the location of tho transition point, the 
point at which the- velocity near tho surface of- tho wing- 
started t o» increo.se very ra2:)idly because of- the onset of 
turoulent flow. For some tests, transition v/as artificial- 
ly fi:<:cd at tv/o chord locations. 



APPARATUS Airo METHOD 



The' inve s t igat i on v/as made in the F^A.C.A.- 8-foot 

high-speed wind tunnel, a single-return closed-throat 
tunnel of circular cross section.* Sphere tests in this 
tunnel have shov/n virtually the same critical Reynolds 
Number a.s in free air (reference 2). 

The >T.A.C.A. 45-125 airfoil was used in the tests. 

(See table I.) The first digit, 4, of the airfoil desig- 
nation indicates the class of airfoil that has a flat-top 
pressure distribution, a uniform distribution of lift 
along the chord at the design lift coefficient, and a 
cusped trailing edge. The second digit, 5, designates 
the ap2:)roximat e position at v/hich the adverse presstire 
gradient begins, 50 percent of the chord. The first digit 
of the last three numbers represents the design lift co- 
efficient, 0.1, and the last two digits give the maximum 
thickness, 25 percent of the chord. 
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The airfoil had a 30-inch chords Tho surface v/as 
painted and then sanded with rJo. 500 water sandpaper un- 
til it v/as ae r odynamically smooth. 

The airfoil complo telj sir;a,nned the ttmnel and was 
fastened directly to the tunnel wall (fig. l) . Two- 
diraensional flow is appr oxiraated with this sot-up. The 
pressures v/ere measured at 31 pressure orifices connect- 
ed to a phot ographiccillv recording: mult iplo-t\ihe manom- 
eter. The orifices were stag^^ored so that no orifice was 
in the wake of other orifices; they were so located from 
the center of the spo.n that the survey rake was not in 
the vraho of any orifices. 

The drag of the airfoil was determined from measure- 
ments in the wake using Jones' method (reference 5) modi- 
fied to include the effects of compres sihility . Measure- 
ments were made with a survey rake supported "by a verti- 
cal stru.t and located one-ho.lf chord length "behind the 
trailing edge of the v;-ing. The rake consisted of 25 
equa.lly spaced total-pressure tuoes and 6 static-pressure 
tuhes. The pressure readings v/ere photographically re- 
corded on a mul t iple-tuhe ma.nometer. 

Per some tests the transition point was fixed at 15 
and SO percent of the chord from the loadin,:. edge hy a 
l/4-inch spanwise strip of 0^023-inch carhorundum grains 
secured to "both surfaces with thin shellac. The 0.023- 
inch grains v/ere iised hacause, in a preliminary test, 
0.0037-inch carhorundum grains failed to produce transi- 
tion. The failure of the narrow hand of 0.0037-inch 
grains to produce transition is no indication of the per- 
missihle roughness for this v;ing. Pressure d i s t r ihut i on , 
drag, and transition-point location were separately de- 
term.ined. Surface pitot tuoes v/ere also used to make cer- 
tain that transition had occurred at the carhorundum 
strips. 

. SYMBOLS 

The symhols used in this. reT.'Crt a.re defined as fol- 

1 ov/s : 

V , a. i r s p e e d . 

M, Mach nu-.her, "h^ ratio of the air speed to the 
speed of sound in air at the temperature of 
the tests. 
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c , V/ i 11 g chord. 

x, dista.nce mecxsurod from leading ed^e aloii;^ chord 
0 f w i n ^ . 

R , Reynolds ITumlDer "basod on chord. 

PI , to t a 1 p r C3 s s v.v a . 

p, local static pros sure on the airfoil. 

ci, dynamic pressiire of tho air stream (l/2 pV^). 

S j' pressure coafficiont ^- Jl j . 

Sq, value of S at M = 0. 

"^cr» pros;}uro coefficient at v/hich the speed of sound 
is reached at some point on the airfoil. 

Mjp^P, Mach number c or r e spondin.'^ to ^cv 

a, angle of attack of airfoil • 

c^, section lift coefficient, 

c^^, section profile-drag .coefficient. 

RESULTS 



'The pressure distributions on hoth surfaces of tlie 
airfoil for c^ = 0.1 (a - 0^) are shov/n in fi;-;uro 2 
for varioiis "values of ITi^rnire 3 shov/s com]oarisons ho- 

tween the exp jr ij.ient al variation v/ith speed of the pres- 
sure coefficient for the airfoil tested and Ackeret^s the- 
oretic^'/J- variation for thin airfoils (reference 4) as 

1 - S,. 

given Dv the factor 1 . The comjmted -••^•r essures 

on the upper surface of the il.A.C.A. 0025 airfoil are 
compared in figure 4 with the moisured pressures on the 
xI.A.G.A, 45-125 for a lift coefficient of 0.1 at low speed. 



T h 0 V ci r i :i t i o n o f the R e y '^^ o ^ < - Q '■^^'^^ ^ 2: vi i t h M c h n uin - 
her is shovm in figure 5. In figure 3, the location of the 
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transition point is shov/n for v?«rioiis valiios of the 
Reynolds ITiimlDcr. Curves of CcLq for the various surface 
conditions .are shown in figure 7; in additioji, curves of 
C(i^ for the N.A.C.A. 0025 airfoil (reference 5) and the 

laminar and tur"bulent skin-friction curves for flat 
plates are shov/n. ?i^z;ure 8 shows the vario.tion of c^L^ 
with the trans it i on-jjo int location for various Reynolds 
ITurahers. 

All tests reported herein v/ere made v/ith the airfoil 
at an a2i|?;le of attack of 0*-^, v/hich gave (approximately the 
design lift coefficient of 0*1. In the tests with rough- 
ness at 0.15c, hov/over, a loss in lift occurred at high 
speed, probahly oecause of turhulent separation. 

Inasmuch as the v/ing v/as thick relo.tive to the tun- 
nel diaiaeter, a co^re_ction for constriction was aade to 
thg pressure coefficients and to the profile-drag coef- 
ficients. This correction varied from 2 percent at low 
speeds to 5 pcrce^it at high speeds. A correction was 
also made for the departure of the effective centers of 
the total-pressure tuhes from the geometric centers in 
the transverse pressxirc gradient (reference 6). The pro- 
file-drag coefficients for the airfoil with roughness at 
0.15c and 0.30c have not heen corrected for the dire-ct 
drag of the c arlDoruiidum strips tliat were used to produce 
and to fix transition; this correction is small and unim- 
jjorta/nt^. 



DISCUS.SI03ir 



Crit i c al s T^.e e d , - The critical sj^eed is defined as 
the speed at v/hich a "break-down in flow, caused by com- 
press ih il i ty effects and knov/n as the compressilDility Diir- 
"ble, occt^rs. This flow change is usually evidenced "by a 
rapid rise in the drag coefficient. It has "been x^ointed 
out in reference 7 that, for practical purposes, the crit- 
ical speed can "be taken as the value of the t rans lat i onal 
speed at which the sum of the t rans lat i onal and the in- 
duced velocities equa^ls the local sx-)oed of sound. 

Extrapolation of the curves given in figure 3 shov/- 
ing the variation v/ith M of the maximum pressure coef- 
ficient to the critical pressure coefficient (the pressure 
coefficient at which the speed of sound is loca,lly reached) 
indicates that the critical speed of the -"^.A.C.A. 45-125 
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airfoil is about 460 miles per hour at 59^ jT. (M^^ = O.Sl). 
Tlio critical speed olDtcained "by usin;^; Ac;.:oret^s thooro t ic.:^.l 
vario.tion of the pressure coefficient (reference 4), 

3 = 1 ~ ^ , is about 7 percent hij2;hor. The most 
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p r 0 b a b 1 0 c au s c of this discrepancy is t h e a s s ui]i p t i o n m :i d e 
in the developnont of the theory that the induced veloci- 
ties o,re ne^'ligibly smalls It is believed that the criti- 
cal speed of the IT.A.C.A. 45-125 airfoil can be increased 
by so modifying the desi^;,'n that the peak pressure coeffi- 
cients on both surfaces are reduced to give a flat-peak 
pros s ur 0 d i s t r i but ion. 

P ros siAr 0 di s t r ibut i on , - The shapes of the pressure- 
distribution curves rem:iinod practically the same throiigh- 
out the speed range (fi^, 2), As the speed v/.as increased, 
all the jprossure coefficients at points alon^.^ the tops of 
the GU-rves increased at .:ilraost the same rate except for 
speeds above 400 miles per hoiir (M = 0.53), where the in- 
cre:.sc -/as ^i^reater on the lov/or su.rface, as is indicated 
in fi,-;ure 3. TLie adverse ;prossure ^^radients over the rear 
50 percent of the airfoil increased v/hen the speed was in- 
creased but apparently caused no separo/cion. At high 
speeds, some unreported pressure-distribution results, v/ith 
rou^;hness at 0.15c on both surfaces of the airfoil, showed 
a loss in lift that v/as "orobably caused by s epar 'vt i on ; no 
such loss in lift was noted v/ith roughness at 0.30c. 

'Drz/?:. - The minimum profile-drag coefficient of the 

smooth :^.A.C.A. 45-125 airfoil, for a lift coefficient of 

0.1, was 0.0058 at a Heynolds ITumber of 4,500,000 (fig. 7), 

or about one-half as large as the pr of i 1 e-dr o,g coefficient 

of the Z.A.C.A. 0025 airfoil (reference b) . The value of 

c^, v/as 0.0068 at the lov/est Reynolds ITumber and it re- 
^■o 

m.ained belov/ 0.0063 ovOi\ at the highest Reynolds ITumber, 
which corresponded to a speed of 440 m-iles per hour e.t 
59^ , indicating that compressibility eff e c t s wore small. 
These lov/ drag values are du.o to extensive laminar flows 
extending over 40 -percent of the airfoil up to a Heynolds 
ITumber of at least 7,000,000 (fig. 6). 

Tae profile-drag coefficients of the r,irfoil with 
roughness at 0.15c .::nd 0.30c v/ere, respectively, 125 per- 
cent and 75 percent larger than the dr.ag coefficients of 
the smooth airfoil for Reynolds Numbers up to 7,000,000. 
The rapid increase in drag for Reynolds lumbers greater 
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than 7,000,000 is "beliovocl to Do clue to ti-'.r'biilen t sepa- 
ration ivjiO. not to compressi'bilit^ effects. This "belief 
is s-d'oB tonit iatod oy the restilts of the pres sur e-distr iDu- 
tion moo.siir einent s on the airfoil v/ith. roii-'^^hnoss at 0.15c,, 
as ha.s previously ."been discussed, and also hv the fact 
that, the critical speed was. not reached. It is not knovni 
v/hethor there v/ould h.ave heen sopa.ration if transition 
had occurred at the s.ame chord position hecause of large 
sca.lo, rather than roughness. ' . 

The variation of ^ ^d,Q with the tra.ns i t i on-point lo-- 

cation v/as almost linear for Reynolds ITuiii "b e r s up to 
5,000,000 (fig. 8). The drag increase for a given movement 
of the transition point v/OvS about three times as large as 
the increasb for the same movement of the transition jjoint 
on the IT.A.C.A. 0012 airfoil (-reference 8). .This drag in- 
crease -is greater th-an can be accounted for by increo.sed 
skin friction alone a^nd is -probably due mainly to pressure 
drag. 

' . COiJCLUSIOlTS : ' 



1. The pressure-distribution results indicate that 
the critical speed of the 25-percont-thick K.A.O.A. 45-l.?5 
airfoil was about 460 miles per hour at 59^' for a lift' 
coefficient of appr oiim.at ely 0.1. . The test results indi- 
cate that it v;ill be possible further to increase the crit- 
ical, speed by so modifying the airfoil that the peak pres- 
sure's' vri 1.1 he reduced to a more unii.orm pressure distrihu- 

t i 0 n • 

2. The value of 'the pro f ile-dro.g coefficient for the 
N.A.C.A. 45-125 airfoil at a Heynolds ITumher of 4,500,000 
was 0_._0058,,, or about half as large as the value for the 
S.A.'O.A." 0025 airfoil. 

3. Tra^nsition determinations indicated that, for 
Reynolds ITv.mbers up to 7,000,000, laminar boundary layers 
v/ere mainta.ined over approximately 40 percent of the upper 
and the lov/er surfaces of the airfoil. 



Langley Memorial Aer ona,ut ical Laboratory, 

national Advisory Committee for Aerona^ut ics , 
Langley ^^ield, Ya. , IToveraber 3, 1939 . 
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TABLE I.- OHDIHATES OP THE iM.A.C.A. 45-125 AIRFOIL 




[Stations and ordinates given in percent chord] 



Upper surface 


Lo'.«/er surface 


Station 


Orclinat e 


Station 


Ord inat e 


0 


0 


0 


0 


1.132 


3 .448 


1.368 


-3 . 340 


2.364 


4.7 62 


2.636 


-4 . 576 


4. 8 51 


6 . 528 


5.149 


-5.212 


7. 348 


7 . 8 31 


7 .652 


-7 .407 


9.850 


8. 349 


10 .150 


-8.333 


14. 8 62 


10.327 


15 . 138 


-9.655 


19 .880 


11.314 


20 .120 


-10.518 


29 .919 


12. 531 


30.081 


-11 . 559 


39 .9 50 


12.906 


40.040 


-11 . 834 


50.000 


12.440 


50.000 


-11 .336 


60 .0 33 


10.760 


59 .9 57 


-9 .688 


70.052 


8.223 


69 . 948 


-7 .2 51 


80.053 


5.165 


79 .947 


-4 . 369 


90. 032 


2.. 07 5 


89.9 58 


-1. 560 


95.015 


. 819 


94. 985 


- . 503 


100.000 


0 


100 .000 


0 



L,E. radius : 4.69 

Slope of radius through end of chord: l/SO 



N.A.C.A. Fig. 2 
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Figure 2.- Pressure distribution on the N.A.C.A. 45-125 airfoil. 
, 0.1. 
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Figure 3.- Effect of compressibility on the pressure coefficient, 
c^ , 0.1. 
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Figure 4.- Pressure distribution on the upper surface of the 

N.A.C.A. 45-125 airfoil at low speed and theoreti- 
cal pressure distribution on the N.A.C.A. 0035 airfoil. c; ,0.1. 
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Figure 6.- Effect of Reynolds Number on transition-point 
location. 0^,0.1. 
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Figure 8.- Variation of the section profile-drag coefficient 
with transition-point location, c^jO.l. 
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N.A.C.A. 0025 ■ 
Smoof/i airfoi/_ 
(reference 5) 



Turbu/enf skin friction 



Smooth oirfoi/ 



L am in ar skin fric tion 



Figure 7. 
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Section profile-drag coefficient of the N.A.C.A. 
45-125 airfoil for various surface conditions. 



